ABSTRACT: Genetic structure and natal origins of green turtle mixed stocks in southern Brazil were assessed based on analyses of mtDNA control region sequences from the Arvoredo Island (n = 115) and Cassino Beach (n = 101) feeding areas. These were compared to other mixed aggregations to examine structuring, and to Atlantic Ocean nesting colonies to evaluate natal origins through Bayesian mixed stock analysis (MSA). In order to develop novel priors, surface drifter trajectories in the Atlantic were analyzed and combined with rookery data, and we used KulbackLeibler information measures in order to compare the difference of information among the 4 proposed priors. Each study area presented 12 haplotypes, 10 of which were shared at similar frequencies. Haplotypes CM-A8 and CM-A5 represented ~60 and 20%, respectively, and remaining haplotypes accounted for < 5% of samples. The 2 study areas were genetically similar to all feeding grounds in the western South Atlantic except Almofala, in northeast Brazil, and genetically different from Caribbean and North American mixed stocks. Drifter trajectory analysis revealed that drifters from Ascension and Trindade Islands have a larger chance of reaching Brazil. The priors drifter data and rookery size/drifter data combined contained the most information, but stock estimates were not greatly changed. MSA indicated that Ascension, Aves/Surinam and Trindade were the main stock contributors to the study areas. Since impacts on mixed stocks may affect populations thousands of km away, the results presented here have important implications for the conservation of this endangered species.
INTRODUCTION
The globally distributed and endangered green turtle Chelonia mydas occupies various ecological niches throughout its life cycle (Meylan & Meylan 1999 , Bolten 2003 . A general life pattern encompasses (1) a juvenile oceanic phase, in which it is believed that young turtles drift following major surface ocean currents; (2) a subsequent neritic phase, when animals reach a certain size and recruit to coastal foraging grounds; and (3) large-scale migrations between foraging and breeding areas upon sex-ual maturity (Bolten 2003 ). Short or long-range movements between foraging grounds are also observed (Godley et al. 2003) . The complexity of this life cycle and the large geographical/temporal distances require indirect research, such as molecular analyses, which can help elucidate many aspects of sea turtle life history, including population structure, phylogeography, systematics, natal origins and natal homing (Avise 2007) .
Natal homing, in which female turtles return to their birth site to reproduce, was first hypothesized by Carr (1967) based on the observation that female green turtles are phylopatric, that is, they return to nesting sites (rookeries) at varying degrees of precision throughout subsequent nesting cycles (Carr 1967 , Miller 1997 , Formia et al. 2007 , Lee et al. 2007) . Despite the difficulty in testing this hypothesis, genetic studies have supported that rookeries are structured in terms of mtDNA haplotypes, while foraging areas present overlapping haplotypes (Bowen & Karl 2007) . Due to this structure between rookeries, a Bayesian statistical approach known as mixed stock analysis (MSA) can be applied to determine contributions of rookeries (stocks) to mixed sea turtle foraging aggregations (mixed stocks), employing differences and similarities in relative frequency of haplotypes to link mixed stocks to their sources (Pella & Masuda 2001) , providing insight on the origins of animals at foraging areas.
The relevance of identifying natal origins of mixed stocks for conservation lies in the fact that rookeries, despite being generally independent reproductively, are linked at the non-reproductive phases of the green turtle life cycle (Avise 2007) . Therefore, impacts at foraging grounds and migratory routes may affect many breeding stocks, as well as other feeding areas, at different levels. Understanding these origins, as well as determining possible migratory routes, is crucial for the elaboration of management and conservation plans (Avise 2007 , Bowen & Karl 2007 . MSA nevertheless has limitations, most notably in the adequate description of source populations, and estimates should be interpreted cautiously and preferably along with other data. An advantage of the Bayesian approach to MSA is the possibility of incorporating relevant prior information for improving the analytical model. Ecological data such as nesting population size and distance from source to mixture are common priors employed in sea turtle MSA, assuming that foraging ground composition is related to these factors. (e.g. Okuyama & Bolker 2005 , Bass et al. 2006 , Naro-Maciel et al. 2007 , Bolker et al. 2007 , Monzón-Argüello et al. 2010 . Nonetheless, the influence of priors on posterior inferences depend on the quality of analyzed data; when data is strong and large sample sizes are available, prior distributions will have minor effects on posterior estimates (Gelman et al. 2004) .
The role of ocean currents in sea turtle dispersal has been thoroughly discussed (Luschi et al. 2003a ). Hatchlings are considered by most authors as pelagic, dispersing almost passively with ocean currents until recruiting to coastal environments (Bolten 2003) , and recent studies have attempted to describe this dispersion using surface drifters and current modeling. Parallels between ocean currents and MSA have been made for mixed stocks of green, loggerhead and hawksbill turtles in all oceans (e.g. Luke et al. 2004 , Bass et al. 2006 , Carreras et al. 2006 , Blumenthal et al. 2009 , Boyle et al. 2009 , Jensen 2010 , Monzón-Argüello et al. 2010 ; all these studies conclude that the compositions of mixed stocks depend on major and minor current systems. The description of sea turtle dispersal based on surface drifter tracks has long been proposed (e.g. Hays & Marsh 1997) and is becoming increasingly applicable due to extensive efforts in drifter research and the large volume of available data in public online drifter databases. Surface drifters, accepted as good proxies of sea surface currents patterns, may give indications of the general influence of currents on early life stage dispersal routes, and could determine a prior for MSA of sea turtle populations worldwide.
Foraging ground composition, population connectivity and dispersal patterns have recently been considered priority research areas for sea turtle conservation (Hamann et al. 2010) . In this context, this study aimed to (1) determine genetic differences amongst 2 southern Brazil foraging areas and other studied mixed aggregations in the Atlantic; (2) estimate contributions of different rookeries to the 2 mixed stocks; and (3) apply novel priors in Bayesian MSA using rookery and drifter information.
MATERIALS AND METHODS

Tissue sampling
Samples were collected from immature green turtles around Arvoredo Island (27°51' S, 48°26' W), Santa Catarina state (n = 66), and along the southern Rio Grande do Sul state coast (31°21' S, 51°02' W to 33°44'S, 53°22'W) (n = 101), Brazil. For simplification, the latter will hereafter be referred to as Cassino Beach (CB). Arvoredo Island (AI) lies within the Arvoredo Marine Biological Reserve and presents rocky shores with diverse benthic organisms and a large population of green turtles (Reisser et al. 2008) . CB is an extensive and continuous sandy beach with few substantial hard substrates, such as the 2 jetties that protect the access canal to the Rio Grande Port in the Patos Lagoon estuary, which are built of granite rocks and present relatively high algae density (Coutinho & Seeliger 1984) . Immature green turtles are frequently found stranded along CB due to by catch mortality, especially in warmer months (Monteiro et al. 2006) . At AI, skin samples were collected using 5 mm disposable biopsy punches from the flippers of live individuals handcaptured during snorkeling and SCUBA dives carried out from July 2005 to April 2008. At CB, samples were collected using disposable scalpels from stranded live animals or carcasses found washed ashore during beach surveys conducted from January 2005 to May 2007. To avoid resampling, live animals were tagged with inconel tags provided by Projeto Tamar-ICMBio, and carcasses at CB were marked with spray paint. Samples were conserved in absolute ethanol and maintained at -20°C until DNA extraction. Immature sea turtle sizes ranged from 33.5 to 83 cm (mean and SD: 50.2 ± 10.04 cm) and 29 to 71.5 cm (40.2 ± 6.07 cm) curved carapace length (CCL), respectively for AI and CB, with significant difference in size between areas detected through a t-test (p < 0.05).
Laboratory procedures
Tissue samples were macerated using conicalshaped grinders in a Tris-HCl lysis buffer containing Proteinase K, and kept at 37°C until complete digestion. DNA was extracted through DNA Extraction Kits (Bioamerica) or standard phenol:chloroform procedure (adapted from Hillis et al. 1996) . Approximately 500 bp-fragments of the mtDNA control region were amplified using primers LTCM1 and HDCM1 via PCR with conditions following Allard et al. (1994) , or LTCM2 and HDCM2 (longer versions of the prior primers) with conditions following Lahanas et al. (1994) . Illustra GFX purification kits (GE Healthcare) were employed for purification, and samples were sequenced in both directions using DYEnamic ET dye terminator kits in a MegaBACE 500 DNA sequencer (GE Healthcare).
Data analysis mtDNA sequences
Sequences of 491 bp were aligned using the software CLUSTAL_X 1.83 (Thompson et al. 1997) , and haplotypes classified according to the Archie Carr Center for Sea Turtle Research online genetic bank (University of Florida, http://accstr.ufl.edu/genetics. html). Additional sequences for AI (n = 49; Proietti et al. 2009 ) were included in the analyses, totaling 115 samples. In order to verify differences between the study areas and other previously described Atlantic foraging grounds, exact tests of differentiation were conducted employing a Markov Chain Monte Carlo (MCMC) with 10 000 steps and 1000 burn-ins, using Arlequin 3.11 (Excoffier et al. 2005) . This software was also used to calculate pairwise Φ-statistics for an analysis of molecular variance (AMOVA) with 10 000 permutations and using the Kimura-2P model of nucleotide substitution as determined by jModelTest (Posada 2008) . The Brazilian foraging grounds included in these analyses for comparative purposes were Ubatuba (SP), Almofala (CE) (Naro-Maciel et al. 2007 ), Rocas Atoll (RN) and Fernando de Noronha (PE) ). The last 2 were clumped for all analyses due to geographic proximity (~150 km), small sample sizes and genetic similarity, following Bjorndal et al. (2006) , and will hereafter be referred to as Rocas/ Noronha. Other feeding areas in the Caribbean and North Atlantic were considered for comparison (see Fig. 1 ). Genetic structure patterns among study areas were taken into account when defining certain aspects of analyses of surface drifter data and MSA (see details below).
Surface drifter trajectories and natal origins
In order to develop 2 novel priors for MSA analysis, surface drifter data available for the Atlantic and Mediterranean (5842 drifters, February 1989 to January 2009) were downloaded from NOAA's Global Drifter Program (www.aoml.noaa. gov/ envids/ gld). The number of drifters that passed through the nesting areas considered in the natal origin analyses and reached a target area in the eastern coast of Brazil was determined. The northern part of the Brazilian coast was not included due to evidence of genetic structuring between this area and the East Brazil coast (described in 'Results: Genetic differentiation'). Based on these data, a Bayesian framework was used to calculate the probability that a drifter that reached the target area is from a determined rookery (see Appendix 1).
The nesting areas considered as possible sources correspond to the rookeries in the Atlantic and Mediterranean with mtDNA characterization, as shown in Fig. 1 . We highlight that the 2 African rookeries at Bioko and at São Tomé and Príncipe were grouped in all analyses due to proximity and genetic similarity, and are referred to as Gulf of Guinea (Bolker et al. 2007) . Areas with an extent of 4° × 4°( latitude and longitude) were delineated around all considered rookeries. In the case of insular rookeries, the area was designed with the island as a centerpoint; when the rookery was non-insular, the largest possible oceanic area directly next to land was selected. Although Aves Island and Surinam were considered separately in this step due to geographic distance, these rookeries and their respective genetic data were combined for natal origin analysis due to small sample sizes and genetic similarity (following Luke et al. 2004) .
Probable natal origins were determined employing mtDNA data from the study areas and all possible sources (same rookeries used in surface drifter analysis) through Bayesian MSA implemented with software Bayes (Pella & Masuda 2001) . The study areas were also grouped, due to geographic proximity (~740 km) and genetic similarity (this study), and 4 MSAs were performed considering openminded Dirichlet priors (i.e. parameters adding up to 1) with equally-weighed parameters ('uninformative' MSA 1 ) and prior parameters weighed according to (1) number of females yr -1 in each source (MSA 2 ); (2) surface drifter data (MSA 3 ); and (3) a combination of both (MSA 4 ) (see Appendix 1). One MCMC was implemented for each rookery (a total of 10 chains, each starting overdispersed at 0.95 for the rookery being analyzed) in each analysis, with chain lengths varying from 10 000 to 30 000, according to the Gelman-Rubin convergence factor (maintained under 1.2, and in most cases presented values of ~1.0, indicating convergence) and one-half chain length discarded as 'burn-in' steps (Pella & Masuda 2001) . We used Kulback-Leibler distances (Burnham & Anderson 1998) in order to compare the difference of information among the 4 proposed priors. See Appendix 1 for additional remarks on this test. 
RESULTS
Haplotype frequencies and genetic diversity
Each study area presented 12 previously described haplotypes, 10 of which were shared (CM-A5, CM-A6, CM-A8, CM-A9, CM-A10, CM-A23, CM-A24, CM-A32, CM-A42 and CM-A45) and 4 which were not (CM-A3 and CM-A39, present only at AI, and CM-A25 and CM-A36, present only at CB) ( Table 1) .
Both areas were characterized by a high predominance of haplotypes CM-A8 (61% for both areas) and CM-A5 (22 and 20% for AI and CB, respectively). All remaining haplotypes were present in frequencies < 5%. Rare haplotypes were observed, such as CM-A10, CM-A23, CM-A24 and CM-A25, encountered only at Ascension and Rocas/Noronha, CM-A32 only at Rocas Atoll and Ascension and Trindade Islands, CM-A39 and CM-A45 at Ascension Island, and CM-A42 in only 2 individuals at the Almofala foraging 199
Haplotypes
Study areas Rookeries AI Haplotype (h) and nucleotide (π) diversities of AI (h = 0.5831 ± 0.0451; π = 0.00246 ± 0.00176) and CB (h = 0.5857 ± 0.0501 and π = 0.00251 ± 0.00178) were extremely similar and in accordance with the average diversities of most compared foraging aggregations as shown in Table 2 .
Genetic differentiation
The exact test of differentiation and AMOVA revealed an overall structuring among foraging areas (p < 0.001 for both analyses); however, genetic structuring was non-significant between AI and CB, with a slightly negative Φ ST value (Table 3 ). Both analyses revealed that AI and CB are genetically different from most areas (Almofala, Nicaragua, Barbados, North Carolina, Florida and Bahamas), but showed no differentiation in relation to Ubatuba and Rocas/ Noronha, both located on the east coast of Brazil (see Table 3 ).
Surface drifter trajectories and natal origins
Of the 5842 analyzed drifter tracks, 865 passed through the nesting areas (Table 4 ). Drifters coming from Ascension and Trindade Islands were dominant at the target area as can be seen in Fig. 2 , which illustrates the trajectories of all surface drifters that passed through the eleven 4° × 4° areas (all rookeries Table 4 . Chelonia mydas. Global drifter data from the Atlantic Ocean and ecological priors for mixed stock analyses. N = total number of drifters per 4° × 4° area; Y = number of drifters reaching target area of Brazilian coast; P = posterior probability that a drifter that arrived at the target area is from the rookery. Data from Aves Island and Surinam were combined for this analysis considered in the MSAs). Posterior probabilities of origins of drifters that reached the target were ~40% for Ascension and Trindade, 2% for Rocas/Noronha and slightly over 5% for the Gulf of Guinea (Table 4) . No other rookeries presented drifters that reached the target area. All MSAs indicated Ascension, Aves/ Surinam and Trindade as the main contributors to the AI and CB foraging areas (Table 5) . Regardless of the used prior, Ascension Island consistently presented the highest mean contributions, ranging from 53.9 to 59.3%.
Estimated contributions from Aves/Surinam varied only slightly between MSAs, and ranged from a mean 21.7 to 22%. Trindade Island also presented significant mean contributions, from 12.7 to 18.2%. Mean contributions varied from 2.4 to 6.3% for the Gulf of Guinea and were around or lower than 1% for the remaining rookeries. We highlight that only Ascension and Aves/Surinam presented mean estimates with confidence intervals (CIs) that did not include zero in all MSAs. In MSA 3 , Trindade's CI also ceased to include zero, but remained large. The use of different priors did not have substantial effects on posterior contribution estimates, and the used data largely influenced posterior results. Variation of contribution from Aves/Surinam was minimum between MSAs; Ascension and Trindade Island contribution estimates varied in an apparently co-dependent manner in MSA 2 and MSA 3 : priors rookery size/ drifter data decreased/ increased Trindade and increased/ decreased Ascension contributions, respectively. Gulf of Guinea's mean contributions varied accordingly to prior weights in all MSAs (see Table 5 ).
DISCUSSION
Haplotype frequencies of AI and CB were similar to other Atlantic rookeries and foraging aggregations: high CM-A8 frequency, consistent with the suggestion that this is the closest relative to an ancestral haplotype in the Atlantic basin, followed by a high occurrence of CM-A5, a common haplotype in Caribbean rookeries (Bjorndal et al. 2005 , Formia et al. 2006 , 2007 , Naro-Maciel et al. 2007 , and rare haplotypes. Increasing sample size did not change the proportion of CM-A8 and CM-A5 or the diversity indexes found by Proietti et al. (2009) for green turtles around AI; however, the detection of rarer haplotypes increased. This increase could improve resolution of MSA estimates if the rarer haplotypes are also present at a given rookery; however, rare haplotypes may also lead to overestimated contributions from rookeries with uneven sample sizes (Formia et al. 2007 ). High haplotype and low nucleotide diversities for both study areas followed the general pattern found at other green turtle foraging grounds and are due to mixed characteristic of these areas and small variations between haplotypes, respectively (Bass et al. 2006 , Naro-Maciel et al. 2007 ).
AI and CB were very similar in terms of haplotype diversity and frequency, and were not significantly different from the Brazilian foraging grounds Ubatuba and Rocas/Noronha. A significant structuring occurs in relation to Almofala, further northwest from Rocas/Noronha. This area presents higher ha plo type diversity (see Table 2 ) with larger frequencies of Caribbean haplotypes, possibly due to its lcation with convergent influence from South Atlantic and Caribbean rookeries. The lack of differentiation between foraging grounds may be due to the coastal migrations, sometimes seasonal, performed by im mature sea turtles. Animals may transit be tween foraging areas depending on factors such as variations in current intensity, water temperature and food availability (Musick & Limpus 1997 , Bass et al. 2006 ). Avens & Lohmann (2004) studied displacements of juvenile green turtles in North Carolina, and reported that animals presented seasonal movements in order to stay in warmer waters. This behavior has also been observed in green turtles tagged in Uru guay, which display a pattern of in habiting lower latitudes in Brazil during colder periods (López-Mendilaharsu et al. 2006) . A 4 yr study at AI revealed moderate site fidelity of immature green turtles; however, one turtle tagged at the is land was found 6 mo later stranded on a beach at São Paulo state, over 600 km further north (Reisser et al. 2008) . For CB, evidence of residency is not available, and animals at this area present smaller sizes, indicating that it is possibly a recruitment area for post-pelagic animals.
There are 4 green turtle rookeries in central and western South Atlantic Ocean, namely, in decreasing number of nesting females, Ascension Island, Trindade Island, Rocas Atoll and Fernando de Noronha Archipelago (see Fig. 1 for location) . Surface drifter trajectories presented in Fig. 2 revealed that Ascension and Trindade Islands, and at a lesser extent the Gulf of Guinea and Rocas/Noronha, present favorable conditions for conducting drifters to the eastern Brazilian coast. Although most authors agree that ocean currents influence sea turtle dispersal and migration, direct evidence exists mainly for post-pelagic animals. Craig et al. (2004) compared the post-nesting migration routes of satellite-tagged female green turtles from Rose Atoll (Pacific Ocean) with surface drifter data and found that migration routes closely paralleled surface ocean currents. Luschi et al. (1998) noted that post-nesting female green turtles satellite-tagged at Ascension Island followed prevailing ocean currents. For satellite-tagged female leatherback turtles Dermochelys coriacea, post-nesting movements were monitored and paralleled to surface drifter data, with the observation that routes were strikingly similar to those of drifters (Luschi et al. 2003b ). Although such studies are difficult to perform with hatch ling sea turtles and evidence of a passive pe lagic stage is mostly indirect, it is reasonable to sus pect that ocean currents play an important role in the movements of hatchlings and early juveniles of all sea turtle species. In fact, recent work by Okuyama et al. (2009) visually and radio-tracked the movements of newborn green turtles that had been reared for a variety of days (classified into 1 d, 7 d and 28-56 d age groups) and released into the sea, and demonstrated that ocean surface currents affected turtle migration in all studied age groups.
As observed in the Brazilian foraging grounds Ubatuba, Almofala (Naro-Maciel et al. 2007 ) and Rocas/ Noronha , Bolker et al. 2007 , the main stock contributing to AI and CB was Ascension Island (Table 5) . Naro-Maciel et al. (2007) suggest that Ascension Island hatchlings drift with major Equatorial currents towards South America, while hatchlings from other rookeries may drift away with prevailing currents (see Fig. 1 for the general upper-layer circulation of the Atlantic). For the Gulf of Guinea foraging group, Formia (2002) also found that the highest contributions were from Ascension Island, but followed by almost equal contributions from rookeries located in the Gulf of Guinea. Differently, MSA estimates of a foraging aggregation in North Carolina did not reveal contribution from Ascension, but was composed of individuals from rookeries located in the United States, Mexico and Costa Rica, in accordance with local current patterns and mtDNA structuring of the Caribbean populations (Bass et al. 2006) . Aves/Surinam was the second most important contributor to the study areas with estimates remaining essentially the same throughout all MSAs, indicating that the genetic data currently available for this rookery had more influence on results than prior ecological information. High contribution from Aves was not observed for most feeding areas in Brazil, and only Almofala showed a maximum contribution of 18%, a reasonable estimate considering that this area is relatively close to the Aves rookery and composition might be influenced by ocean currents from the Caribbean region. Trindade Island also presented a relatively high contribution (~13 to 18%) in all MSAs. This contribution is higher than results encountered by Bjorndal et al. (2006) and Naro-Maciel et al. (2007) for Almofala, Ubatuba and Rocas/Noronha, and similar to results found by Bolker et al. (2007) for Rocas/Noronha in a many-to-many MSA scenario. The apparent dependency between mean contributions from Ascension and Trindade Islands in MSA 2 and MSA 3 is probably caused by the somewhat similar haplotype frequencies of these stocks, combined with the fixed results from the other significant contributor, Aves/Surinam. Only MSA 4 increased estimates from both stocks, most likely due to the decrease in estimated contribution from Gulf of Guinea. The contribution of African rookeries to Ubatuba and Almofala (NaroMaciel et al. 2007 ) and Rocas/Noronha , Bolker et al. 2007 ) was relatively high (~10%), but this estimate was considered flawed by Naro-Maciel et al. (2007) due to the fixed characteristic of Guinea Bissau for haplotype CM-A8. In this work, Gulf of Guinea's contribution to AI/CB was somewhat noticeable in MSA 1 and MSA 3 (~6%). Low contributions from North American rookeries are in accordance with findings for the above-cited feeding areas in Brazil. Contributions from Cyprus were almost null in all MSAs, in accordance with all other studies quoted above, reinforcing the hypothesis that Mediterranean green turtles rarely forage outside this sea (Kaska 2000) .
The link between Brazil and Ascension Island has long been disclosed by tagging and telemetry studies of female green turtles (Meylan 1995 , Luschi et al. 1998 . There is no direct evidence of movements between Aves Island/Surinam and Brazilian foraging grounds, but other Caribbean rookeries have been shown to be linked to North Brazil (Lima et al. 2008) . Marcovaldi et al. (2000) reported frequent recaptures along the Brazilian coast (from latitudes 03°45' to 20°08'S) of adult female green turtles tagged at Trindade Island, de monstrating that movements between this island and coastal foraging grounds are common. Although green turtles tagged at Trindade have also been re captured in western Africa (Marcovaldi et al. 2000) , transatlantic movements between coastal Brazil and Africa have not yet been confirmed. Despite the scarcity of drifter data for the Gulf of Guinea area, it can be noted that some buoys presented a tendency to drift towards the western Atlantic (Fig. 2) . Monzón-Argüello et al. (2010) also verified this tendency through analysis of La gran g ian drifter data, and additionally revealed that the opposite displacement through the North Atlantic is very likely. Godley et al. (2010) , integrating satellite tracking, molecular data and particle modeling to understand green turtle migrations in the eastern Atlantic, suggest that Gulf of Guinea stocks are most likely dispersed around tropical West Africa. However, some modeled particles entered the South Equatorial Current and were carried to the Brazilian coast, and we suggest, as do Godley et al. (2010) , that further genetic sampling be conducted at the eastern Atlantic in order to include populations currently lacking molecular analyses and improve natal origin estimates of mixed stocks. Ascension Island's large contribution is in accordance with drifter trajectories, which clearly show that surface currents favor dispersal from this area towards the Brazilian coast. Various authors have demonstrated that a west-southwest flow of the South Atlantic Equatorial Current is a common feature at the Ascension area (Luschi et al. 1998 . Thus, it is reasonable to suggest that hatchlings arrive at the South American coast by means of this favorable current. Considering that the nesting female population size influences contribution, Ascension Island is expected to present high contributions as it is the largest of the South Atlantic rookeries, with ~3800 females nesting annually (Broderick et al. 2006) .
Few drifters left the Rocas/Noronha area and moved southwards along the eastern Brazilian coast (Fig. 2, Table 4) ; conditions favor drifting northward along the Brazilian coast due to the strong North Brazil Current. These rookeries together host a small population of nesting females (ca. 100 to 150 ind. yr -1 ) (Bellini et al. 1995 , Bellini & Sanches 1996 , which also supports their low estimated contribution. High contributions from Aves/Surinam in all MSAs were not in accordance with drifter data, which showed no link between these rookeries and the eastern Brazilian coast. Despite presenting a large annual nesting population when combined (~2067 females season -1 ; Seminoff 2004), the geographic distance and relatively few analyzed samples (n = 30 and 15 for Aves and Surinam, respectively) lead us to believe that mean contributions may be overestimated, and further mtDNA characterization of females should be conducted at the areas. It is however reasonable to assume that some animals foraging at the study areas are indeed from these Caribbean rookeries. Trindade Island is the second largest rookery in the South Atlantic Ocean, with 1000 females yr -1 during the last 6 nesting seasons (Almeida et al. 2011) . It is also close to the Brazilian coast, and clearly presents favorable ocean currents for arrival at the target area (see Fig. 2) ; therefore, contribution from this area might be underestimated.
MSA applied to sea turtles presents high standard deviations and is based on the assumption that all sources have been adequately sampled. This is not the case, and many stocks lack genetic studies or are represented by small sample sizes (Avise 2007) . All CIs of contributions in this work included zero, reinforcing the uncertainty embedded in this analysis. Also, available mtDNA markers cannot precisely distinguish all rookeries since some haplotypes are common to various stocks. This is the case of the CM-08 haplotype, widely distributed in the South Atlantic and considered to be the ancestral haplotype from which others mutated (Formia et al. 2006) . Interpretation of results must take this into account by assuming regional origins as opposed to exact nesting beaches (Avise 2007) , and further sampling of stocks and analysis of larger mtDNA fragments, as well as additional molecular markers, is highly recommended. Despite these potential biases, MSA can be useful for inferences on green turtle origins in foraging habitats as long as cautiously interpreted (Bowen & Karl 2007 ).
An advantage of MSA in a Bayesian framework is the incorporation of previous knowledge as priors. Reproductive data can be extremely useful ecological priors if collected based on standard protocols. Number of nesting females per year is the most commonly available information representing reproductive population size, but this information can sometimes be biased. For example, Bjorndal et al. (2006) , Bolker et al. (2007) and Naro-Maciel et al. (2007) followed Seminoff (2002) and considered that 3000 females nest annually at Trindade Island, which is overestimated, as mentioned above. An important consideration when using population size as a prior is the inter-annual variability in numbers of nesting females, which can be influenced by feeding conditions between nesting seasons and recruitment success (Broderick et al. 2001) . A solution for this problem could be the long-term collection of standardized reproductive data (estimates of number of females, nests and hatchlings), combined with information on hatchling survival, providing a more accurate estimates of the number of turtles that effectively reach the sea. Another frequently used ecological prior is distance from source to mixture, in the form of great circle linear distances. These distances are the shortest geodesic measure between 2 points and usually do not represent actual travelled distances, especially in light of the mesoscale patterns of ocean currents, with their meanders and eddies. Although CIs were not noticeably narrowed, some differences in mean contributions were found when using drifter data, and they are probably more realistic and informative for MSA than geodesic distances when considering migrations of immature sea turtles.
Some caveats exist in considering surface drifter data as ecological information for green turtles: (1) surface buoys present 15 m drogues to measure mixed layer currents (Lumpkin & Pazos 2007 ) and therefore do not consider surface wind drag, which could influence hatchling movement; (2) data were not limited to the hatching seasons of turtles, due to the large reduction in number of available drifter data; and (3) the life-span of a drifter (~400 d; see Lumpkin & Pazos 2007) is usually shorter than the pelagic phase of hatchlings. However, the use of such data has the potential to provide a more thorough under standing of sea turtle dispersal. We recommend that future MSA analyses further advance prior development. This could be done by modeling the afterlife of drifters and considering the effect of wind drag on surface currents, or by modeling particle tracks representing passively drifting oceanicphase turtles, as performed in Blumenthal et al. (2009) and Hays et al. (2010) . Other information currently being disclosed, such as estimations of the pelagic stage duration through stable isotope ratios and telomere length, and correlation of feeding grounds and rookeries based on stable isotopes and tag returns, can also be considered in prior development.
The insertion of ecological priors somewhat altered MSA means and slightly narrowed CIs for Ascension and Trindade Islands (Table 5) . When using rookery size (number of females yr -1 ) as an ecological prior for MSA of Rocas/Noronha, Bjorndal et al. (2006) found a decrease in contributions from Ascension and Aves Islands and an increase in contribution from Trin dade. For Ubatuba and Almofala, insertion of the same prior increased contribution estimates from Ascension and Trindade Islands, while the Aves Island contribution decreased (NaroMaciel et al. 2007 ). However, as mentioned above, these authors used an overestimated rookery size for Trindade Island, and such alterations in stock estimates should be reexamined. Bass et al. (2006) reported changes when incorporating population size in MSA of the North Carolina foraging area, and concluded that the resulting estimates are biologically more meaningful than estimates obtained with uninformative priors. Jensen (2010) compared mark-recapture and MSA estimates of green turtle mixed stocks in the Great Barrier Reef and encountered highest support when using priors weighed according to population size. Natal origins of other sea turtle species are also in vestigated through MSA with the incorporation of eco logical priors, mainly rookery size (e.g. Caretta caretta: Bass et al. 2004 , Casale et al. 2008 ; Eret mochelys imbricata: Velez-Zuazo et al. 2008 , Blumenthal et al. 2009 ). In this work, all priors were taken to be only weakly informative with respect to the data, which helps to explain why MSA 3 and MSA 4 did not greatly narrow CIs. However, they could be the ideal scenario for obtaining ecologically-realistic stock contribution estimates, and based on Kulback-Leibler distances (Burnham & Anderson 1998) , these distributions are clearly distinct from the non-informative MSA 1 and from MSA 2 , which are close by comparison (see Appendix for details). Exploring alternative statistical approaches to MSA, such as the hierarchical Bayesian model proposed by Okuyama & Bolker (2005) and the many-to-many analysis described in Bolker et al. (2007) , could improve the incorporation and weight assigned to ecological covariates, with larger influence on results.
Mean curved carapace size of sampled animals was smaller in CB than at AI, which agrees with mean sizes of 40.7 and 50.1 cm registered by Monteiro et al. (2006) and Reisser et al. (2008) for the 2 areas, respectively. Although genetically similar, these habitats may represent different stages in the life cycles of immature green turtles, and we suggest adoption of local-basis management strategies due this difference. Marine turtle bycatch in fisheries is today one of the major obstacles for the recovery of populations reduced by overexploitation and habitat degradation. In southern Brazil, sea turtle mortality due to fisheries bycatch, as well as ingestion of human debris, is an issue of concern for their conservation (Bugoni et al. 2001 , Domingo et al. 2006 . Such impacts on the developmental stages ultimately affect later stages, thus the protection of immature animals along the coast leads to the conservation of rookeries that are frequently thousands of km away (Naro-Maciel et al. 2007) . In this work, it was shown with relative certainty that the studied mixed green turtle aggregations originate from rookeries located in different countries. Although Brazil hosts a successful sea turtle conservation project (Projeto Tamar-ICMBio), the fact that green turtles at southern Brazil transpose political/cultural boundaries demonstrates that international cooperation is essential for their conservation. Therefore, the identification of stock contributors to the studied areas has important local and international implications, and should be considered in the formulation of conservation and management strategies. Four mixed stock analyses (MSAs) were performed considering different 10-dimensional Dirichlet prior distributions with parameters defined over the set of possible sources of hatchlings (i.e. rookeries). All reported priors are 'open-minded' in the sense that they carry information equivalent to a size 1 sampled observation; this is obtained by constraining the sum of parameters to add up to unity. Hence these parameters are probabilities and will be expressed as P(R j ) for rookery j. We denote 'uninformative' the prior with equal weights defined on the set of rookeries (MSA 1 ), and further included priors weighed according to number of females yr −1 of each source (MSA 2 ), surface drifter data (MSA 3 ), and a combination of both (MSA 4 ). In MSA 1 , we assume equal prior probability for all rookeries (R j , j = 1, …, 10), that is: P(R j ) = 1/10. However, this is only a reasonable uninformative prior as long as all rookeries produce a similar total amount of hatchlings. In MSA 2 , we try to account for differences among rookeries by considering the probabilities proportional to the number of females nesting per year at each rookery, that is: P(R j ) ∝ N j .
Since we obtain the prior distribution P(R j ) = . This prior is an approximately uniform probability for any hatchling to reach the eastern Brazilian coast, given that the number of hatchlings per female is nearly constant. Information of oceanographic influence provided by drifters data was summarized as the number of drifters that passed through the possible source area (n j , j = 1, …, 10) and reached the target area (y j ) consisting in the eastern Brazilian coast, from its southernmost limit to the northeastern corner. Given n j , and defining θ j as 'the probability that a drifter passing through a possible source area (R j , j = 1, …, 10) will reach the target area', then, under suitable conditions, for each R j, the total number of drifters that reach the target area y j , follows a binomial distribution. We highlight that the count of drifters that left the source areas and reached the target areas was performed considering 11 source areas, but the remainder of the analyses were done with Aves Island and Surinam combined, resulting in 10 possible sources:
In order to obtain a Bayesian point estimate for the probability θ j , and using a uniform distribution between zero and 1 as uninformative prior for θ j , the posterior density is a Beta distribution (Gelman et al. 1995) : θj ⎪ y j~ Beta (y j + 1, n j − y j + 1)
Defining as success any new drifter that reaches the target area, we are interested in the probability that this drifter comes from a given source area R j and denote this probability by P(R j ⎢success). Bayes' theorem shows how to incorporate this information into P(R j ).
Since P(success ⎢R j ) = θ j and , then for prior MSA 1 , Eq. (A3) is modified to:
Similarly, if we use the prior MSA 2 for R j , we obtain: 
To compare the difference of information among these 4 proposed priors, we use Kulback−Leibler (KL) information (Burnham & Anderson 1998) . The KL-information is a measure of discrepancy of a proposed distribution with respect to a reference distribution: here arbitrated to be the non-informative distribution MSA 1 . The prior distribution MSA 2 is closest to MSA 1 with distance 2.23, while MSA 3 and MSA 4 are relatively far away with distances 15.28 and 14.07, respectively. Hence, based on KL-information, the drifter data used to define parameters of MSA 3 and MSA 4 have a substantial impact on shaping these prior distributions. 
